ABSTRACT
Complex phosphate single crystals (such as present struvite) have many advantages as optical materials, because of their large energy band gap.
Therefore, we can consider these materials as the promising candidate for nonlinear optical devices. Being engrossed by this fact, we embarked into this investigation. Though the structure and spectral properties of ZPPH have been documented by R.V.S.S.N. Ravikumar et al [138] a .detailed phonon and NLO studies have not been carried out and they are still infancy. Hence a detailed characterization has been carried out for the first time in this material.
EXPERIMENTAL PROCEDURES

Crystal chemistry
Crystals of ZPPH were grown, at room temperature, by slow evaporation of 200 ml of an aqueous solution of KH2P04 and Zinc sulphate.
A white precipitate is obtained. The mixture was stirred at room temperature for 2 hours. After complete dissolution of these materials, the solutions were heated to SooC and stirred for an hour vigorously to avoid coprecipitation of multiple phases. After filtering the solution, it is cooled at room temperature and kept aside for precipitation, which requires 2 to 3 days time. The resultant precipitate of ZPPH was dried and weighed. The yield was found to be good and homogeneous. The product was purified by recrystallisation typically twice or thrice from hot water.
Solubility
The solubility studies were carried out by gravimetric method in water from room temperature (35 o C) to 60 0 C and the solubility curve is shown in Fig.6 .1. It was found that the magnitude of solubility increases linearly with temperature in the grown region which favours the slow evaporation solution growth of crystals.
Crystal growth
Materials for high optical performances require a high crystalline quality and low concentration of structural defects. The solution growth method has proved to be effective for growing large single crystals with good transparency in the UV spectral range. Crystals of ZPPH were grown in saturated aqueous solution by slow evaporation technique. The synthesized salt was dissolved in deionised water. Transparent, large prismatic colorless, good quality single crystals of ZPPH were harvested within a week. The photograph of the crystals grown in deionised water was given in Fig.6 .2.
RECORDING OF SPECTRA
Powder XRD measurements
The structural properties of single crystals of ZPPH have been studied by X-ray diffraction (XRD) technique. The data collection was carried out using HUBER diffractometer with Cu Ka1 (A = 1.5406 AO) radiation. The powdered samples were scanned over a range 10-70°at a rate of 2°per minute. From the powdered samples the various planes of reflections were indexed usmg POWDERX program and the lattice parameters were determined. The lattice parameters were in sufficiently good agreement with the values reported earlier [138] . The indexed XRD pattern and the morphology of the investigated crystals are given in Fig.6.3(a) and 6.3(b) respectively. The (010) plane is prominent. The crystallographic data are presented in 
FTIR measurements
The Fourier transform mid infrared (FTIR) spectra of ZPPH crystals were stacked m Fig.6 .4 usmg Perkin Elmer Spectrum RX1
spectrophotometer. 
Nonlinear optical measurements
RESULTS AND DISCUSSION
Vibrational analysis
ZPPH is one of considerable interests from the point of view of optical phonon theory, as the unit cell contains phosphate ions in a crystal field of low symmetry and consequently a large splitting of degenerate vibrational modes of phosphate ions is expected. According to the powder X-ray data, the investigated crystal crystallizes in orthorhombic system of space group Pmn21=C2v (No: 31). For the factor group analysis the unit cell, containing four non-translationally equivalent ZPPH units (Z8=2) occupying Cs site symmetry was used. Based on this information and using the site group analysis proposed by Rousseau et al [47, 48, 53] , it is possible to calculate the irreducible representation at the center of the Brillouin zone. A total set of optic phonons of the studied crystal lattice is distributed by symmetry types in the following way: 49Al+25A2+24Bl+49B2.The three acoustic modes (Al+Bl+B2)were subtracted from the total number of vibrations leaving 147 optical modes. In accordance with the selection rules the vibrations of A2 symmetry are inactive in the IR absorption. From the whole set of optically active 147 vibrations 138 may be related to internal vibrations of phosphate and water molecules and 9 to the crystal lattice vibrations. It is convenient to distinguish the internal modes of vibrations of P04 from the external modes in which P04 ions move as a whole.
We proposed the assignment of the observed spectral features to the vibrations of P04 and water molecules. A compromise between dimension and charge of anion is decisive for reaching an acentric crystal, which is useful for quadratic non linear optical activity of the crystal. It may be appropriate to mention that the role of counter anions is rather efficient with small acentric ones such as (P04)3-groups. The electronic delocalization in the planar phosphate arnon IS predominant and hence induces NLO properties. Therefore, the proper understanding of internal vibrations arising due to the (P04)2-groups is essential and hence they are discussed below.
Internal vibrations of P04 group
The normal modes of vibration in an isolated P04 tetrahedron with an ideal Td symmetry have been widely studied [142] . The UI and U3symmetric and asymmetric stretching modes are observed in 1200-900 cm! spectral range, whereas the U2and U4symmetric and asymmetric bending modes are distinguished in the 600-400 cm! domain [45, 143] . The group-theoretical analysis shows that the number of normal modes of P04 tetrahedron is given by the irreducible representation rvib=AI +E+2F2. The localization of a proton on one of the oxygen atoms reduces the site symmetry from Td to C2v.
Meanwhile, the P04 observed in the ZPPH structure has the lower local Table   6 .2.
Internal vibration of water molecule
The internal vibration of water molecules is sufficiently described in 
OPTICAL STUDIES
ZPPH crystal is active in the entire UV-visible region and the crystal could be a viable alternative for a possible material for the entire region. The UV -Visible spectrum of the synthesized compound has been recorded using Perkin Elmer Spectrum Lambda 35 spectrophotometer in the region 132 190 to 1100 nm and the corresponding spectrum is shown in Fig. 6 .5.
Optically polished single crystal of thickness 2 mm was used for this study. of the curve to zero (ahv)2 shows its direct band gap character around 5.2 eV. Each oxygen atom is bonded to one P atom and to Zn atom, there is no dangling bond, so the cutoff may be short below 300 nm. Hence, the present crystal may be used as window materials in the optical lithography systems, which must withstand an intense UV laser. 
SECOND HARMONIC RELATIVE EFFICIENCY
Temperature dependent SHG studies
In the Fig. 6 .7 we have presented our results on dependences of second-order susceptibilities versus temperature. One can see that during cooling from room temperature down to 65 K we observe a smooth
.decrease of the second order susceptibility from about 0.6 pm ZV up to The light scattering has not exceeded 5-6 %. We should also take into account that for such type of crystals principal vacancies and defects formed due to intermolecular centres playa vital role [118] . These centers may change the local symmetry, which will be superimposed on the macro symmetry of the crystals. The performed investigations have also shown that the second order susceptibilities are crucially dependent on the photothermal effects which are closely related to the electron-phonon anharmonicity described by third rank polar tensors, i.e. similarly to the SHG. The difference between the local orientations of the particular molecular clusters and of the crystallites may be crucial factor for the observed second order susceptibilities. The great difference between the local molecular structure and the crystalline ones may be a consequence of large erihancement of the second-order polar tensors. In future additional low temperature study is necessary to clarify an origin of the observed effects.
Piezoelectric studies
For clarification of the ongm of the observed effects we have performed the temperature measurements of the piezoelectric coefficients and the results are presented in the Fig. 6 .8. They confirm that the electronphonon interactions play dominant role in the observed effects because the temperature positions of the piezoelectric minimum and of the SHG are in a good agreement. The temperature stimulated changes of the local symmetry ions in these kinds of the crystals are responsible for the observed effects.
CONCLUSIONS
The nonlinear optical properties of ZPPH crystal has been investigated for the purpose of assessing the possibility for SHG applications. X-ray analysis confirms the noncentrosymmetric arrangement of crystal structure belonging to Pmn21 space group. The IR spectral study enabled us to determine P04 and water vibrations. The shifting of the stretching and bending vibrations of the phosphate groups and water molecules from the free state values also confirms the strong hydrogen bonding in this crystal.
It has been found that there is a network of hydrogen bonds in crystal that stabilizes its structure. From this optical assessment, ZPPH is a promising new nonlinear-optical crystal for frequency upconversion in the UV region of high-power laser sources. The result of SHG relative efficiency, temperature dependant SHG and piezoelectrical studies are encouraging. Such a material could provide for a new impulse in the field of second-order nonlinear optical materials. 
